Spirulina maxima, which is used as a food additive, is a microalga rich in protein and other essential nutrients. Spirulina contains phenolic acids, tocopherols and ß-carotene which are known to exhibit antioxidant properties. The aim of the present study was to evaluate the antioxidant capacity of a Spirulina extract. The antioxidant activity of a methanolic extract of Spirulina was determined in vitro and in vivo. The in vitro antioxidant capacity was tested on a brain homogenate incubated with and without the extract at 37 o C. The IC 50 (concentration which causes a 50% reduction of oxidation) of the extract in this system was 0.18 mg/ml. The in vivo antioxidant capacity was evaluated in plasma and liver of animals receiving a daily dose of 5 mg for 2 and 7 weeks. Plasma antioxidant capacity was measured in brain homogenate incubated for 1 h at 37 o C. The production of oxidized compounds in liver after 2 h of incubation at 37 o C was measured in terms of thiobarbituric acid reactant substances (TBARS) in control and experimental groups. Upon treatment, the antioxidant capacity of plasma was 71% for the experimental group and 54% for the control group. Data from liver spontaneous peroxidation studies were not significantly different between groups. The amounts of phenolic acids, α-tocopherol and ß-carotene were determined in Spirulina extracts. The results obtained indicate that Spirulina provides some antioxidant protection for both in vitro and in vivo systems. 
• α-Tocopherol
Phytoplankton comprises organisms such as diatoms, dinoflagellates, green and yellow-brown flagellates, and blue-green algae. As photosynthetic organisms, these groups play a key role in the productivity of oceans and constitute the basis of the marine food chain. Among several alga genera, Spirulina and Chlorella deserve special attention due to their importance as human food and their in vitro and/or in vivo antioxidant potential (1) . Spirulina algae are an important source Brazilian Journal of Medical and Biological Research (1998) 31: 1075-1079 ISSN 0100-879X Short Communication of nutrients in the traditional diet of some populations of Africa and Mexico. These algae can be extensively grown to obtain a protein-rich material of alimentary use (foodstuff for diet complementation) or industrial use (blue pigments, emulsifiers, thickening and gelling agent). The chemical composition of Spirulina indicates that it has a high nutritional value due to a wide range of essential nutrients, such as vitamins, minerals and proteins (1) . Moreover, it contains other components such as ω-3 and ω-6 polyunsaturated fatty acid, provitamins and phenolic compounds. In addition, these algae can be produced in large-scale systems (2) .
There is a current worldwide interest in finding new and safe antioxidants from natural sources such as plant material to prevent oxidative deterioration of food and to minimize oxidative damage to living cells (3) . Experimental and epidemiological evidence suggests the participation of free radicals in tissue damage and pathological processes such as cardiovascular disease and cancer (4, 5) . The use of synthetic antioxidants has decreased due to their suspected activity as promoters of carcinogenesis as well as a general consumer rejection of synthetic food additives (6) .
The role of dietary antioxidants and their potential benefits in health and disease have attracted great attention (7). Components with antioxidant activities can be found in only a few species of algae (8) . Although the occurrence of phenolic compounds in plants is well known and these groups of compounds possess antioxidant activity in biological systems (9), the antioxidant characteristics of algae are poorly known. Some studies reported that cancer was prevented by alga extracts (10, 11) , because of their antioxidant properties (10) .
The objective of the present experiment was to evaluate the influence of a Spirulina maxima extract on lipid peroxidation. Methanolic extracts were used in in vitro and in vivo tests of antioxidant activity. Also, ß-carotene, α-tocopherol and phenolic acid levels in the alga extract were determined because of the antioxidant activity of these compounds.
Spirulina was obtained from the Oceanographic Institute of the University of São Paulo (Brazil) and cultivated using Paolettis culture medium (12) in the laboratory under controlled conditions of light and temperature (5,000 lux, 14 h light and 10 h dark, at 20 o C). The cultures were mantained for ten days and stopped 24 h after exponential algal growth phase. Lyophilized algae were extracted with ethyl ether and the residue was extracted with methanol. The methanol extract (800 mg of dried residue/ml 50 mM sodium phosphate buffer, pH 7.4) was used for the antioxidant assays. ß-Carotene, α-tocopherol, phenolic acids and antioxidant activity were determined in the dried residue.
In vitro antioxidant activity. Brain homogenate with Spirulina extract added (experimental) or not (control) was used to quantify lipid peroxidation. The brain of adult male rats (about 300 g) was isolated after perfusion with 0.9% saline. Brain tissue was homogenized in 0.1 M phosphate buffered saline, pH 7.0 (1:4, v:v) in a Potter homogenizer. The supernatant (800 g for 10 min, diluted 1:3 with the buffer) was employed in spontaneous lipid peroxidation tests according to Stocks et al. (13) . Buffer (control) or Spirulina methanolic extract (10 to 500 µg) in buffer was added. Following incubation for 1 h at 37 o C, 1-ml samples were mixed with 1 ml of 5% trichloroacetic acid (TCA) and centrifuged at 900 g for 15 min. These supernatants (1 ml) were added to 0.67% thiobarbituric acid (TBA) (1 ml) and boiled for 20 min. The thiobarbituric acid reactive substances (TBARS) were determined by spectrophotometry at 535 nm. Antioxidant activity was calculated as percent inhibition of peroxidation relative to control. The concentration of extract causing a 50% reduction in lipid oxidation IC 50 was then calculated (14) .
In vivo antioxidative activity. Twentyfour adult male Wistar rats weighing 250-270 g (261.0 ± 8.7) were used in this study. The animals were given Purina ® rat chow and water ad libitum. Rats were housed 6 to a cage, on a 12-h light cycle and under controlled temperature. The experimental group (12 animals) received by gavage 1 ml of Spirulina extract resuspended in 0.1 M phosphate buffer, pH 7.4 (5 mg/ml), and the control group (12 animals) received only the buffer by gavage. After ether anesthesia the rats were killed by decapitation and plasma was obtained using heparin as anticoagulant. Livers and plasma of control and treated animals were obtained after 2 (6 animals) or 7 weeks (6 animals) and the liver was homogenized with 50 mM sodium phosphate buffer, pH 7.4 (1:4). Antioxidative activity was determined as a reduction in spontaneous lipid peroxidation of brain homogenate by the addition of plasma (13) . Brain homogenates with plasma were incubated for 1 h at 37 o C. Lipid peroxidation was evaluated after incubation for 2 h at 37 o C. Malonaldehyde (MDA) was measured as TBARS production at 535 nm using E = 1.56 x 10 -5 M -1 cm -1 . Liver peroxidation was normalized to protein content measured by the method of Lowry et al. (15) . The results are reported as percent inhibition of oxidation of brain homogenate, and µmol TBARS/mg protein for plasma and hepatic homogenate.
Phenolic compounds. A spectrophotometric method was used to determine the total phenolic compounds with catechin as internal standard (16) . Phenolic acid extraction was performed by the method of Dabrowski and Sosulski (17) and the phenolic acid analyses were carried out using a CG 500 model gas chromatograph equipped with a flame ionization detector and connected to a CG 300 computerized integrator. A capillary polymethylphenylsiloxan-FI 95 (CG do Brasil S/A, São Paulo) column was used. An initial temperature of 150 o C was used for 3 min, followed by increments of 5 o C/min up to 300 o C. Nonconjugated and total phenolic acids were identified on the basis of the relative retention time of their derivatives compared with the standard phenolic acids.
ß-carotene. The ß-carotene content of Spirulina algae and of the methanolic extract was determined by absorption spectroscopy with a Perkin-Elmer Lambda 3B spectrophotometer equipped with an R100A recorder. ß-Carotene was quantified at 447 nm, using E 1% 1 cm = 2592 cm-1 for ß-carotene (18).
α-Tocopherol. α-Tocopherol content of the methanolic extract was determined by a high pressure liquid chromatographic (HPLC) method. A 20-µl sample was injected with an SIL 10A automatic injector (Shimadzu, Tokyo) with a class LC-10 software package, and an LC work station chromatographic system (Shimadzu Corp.) with an electrochemical detector L-ECD-6A and a reverse-phase C18 Cgnucleosil (CG do Brasil S/A) column. The mobile phase was isocratic with the methanol:acetonitrile:chloroform mixture (35:35:30, v/v) with a flow rate of 1 ml/min. Tocopherol was determined with an external standard using a multiple level calibration curve (19) .
Statistical analysis. Analysis of variance and the Tukey test were used to evaluate the results, with the level of significance set at P<0.05.
The ß-carotene and total tocopherol content of Spirulina in the methanolic extract was 27.5 mg/l and 18 mg/l, respectively. The total phenolic compounds were 96.3 mg/l, a value corresponding to 15.4 mg total phenolics in 1 g of alga dry matter from the methanolic extract. The phenolic compounds salicylic, trans-cinnamic, synaptic, chlorogenic, quimic and caffeic acids found in the methanolic alga extract may be responsible for its antioxidant activity, individually or by a synergistic action (3). The phenolic compounds chlorogenic and caffeic acids present in the Spirulina extract were more efficient antioxidants than other acids in lard (20) ; Ho (9) reported that these acids have a potential preventive action against cancer. Tutour (19) reported an antioxidant ability of extracts (methanol/chloroform) of several marine algae in sunflower oil stored at 75 o C. Our experimental extract also showed 45% antioxidant ability in oil (data not shown). Sakata et al. (8) reviewed the antioxidants from marine organisms, including alga ex-tracts from different species. Many species of algae showed strong antioxidant ability; degradation products of chlorophyll and compounds in the lipid fraction were defined as the active principles in cultures of Euglena gracilis Z (21). The ethanolic extract of Spirulina shows a synergistic effect of phenolic compounds and 13-cis-retinoic acid in preventing lipid peroxidation (11) .
Peroxidation of rat brain homogenate was inhibited by almost 95% with 0.5 mg of the Spirulina-containing methanolic extract. Figure 1 shows that the IC 50 was 180 µg. The antioxidant activity depends on the chemical characteristics of each compound and the model system used. A given compound can show antioxidant activity in brain homogenate but fail to give a clear response when provided in the diet or given by gavage, because several factors can be interfering in vivo such as absorption, transport and metabolism of the drug by the organism.
The plasma and liver homogenates of Spirulina-treated animals were used to evaluate the antioxidant ability of the extract in vivo. The TBARS data obtained with brain homogenate revealed less intense plasma peroxidation in treated rats than in the control group. After 2 and 7 weeks of treatment the plasma antioxidant capacity was 97 and 71% for the experimental groups and 74 and 54% for the control groups (Table 1a) , although TBARS production from liver homogenates did not differ between control and extract-treated groups, as shown in Table 1b .
Protection against cancer and aging has been attributed to the components of Spirulina alga with an antioxidant action (10, 11) , among them ß-carotene (10). Schwartz and Shklar (11) showed that the alga extract was more effective on hamster cancer regression than ß-carotene alone and concluded that there is a possible synergistic effect of the extract components since there was evidence that components other than ß- Table 1a -Reduction of thiobarbituric acid reactant substances (TBARS) by plasma obtained from control and Spirulina extract-treated rats.
The antioxidant activity is the inhibition of TBARS produced in brain homogenate (prepared from adult rats without any treatment) by plasma of the experimental or control group: (TBARS in the brain homogenate system with rat plasma added/ TBARS in the brain homogenate system without plasma) x 100. The experimental group received the methanolic extract of Spirulina (5 mg/d) resuspended in buffer for 2 or 7 weeks; the same volume of phosphate buffer was given to the control group. Data are reported as means ± SD for 6 rats in each group. *P<0.05 compared to control. carotene have a decisive action in the oxidation inhibition. This consideration is relevant since the experimental extract contains less ß-carotene than integral algae. However, the possibility exists that there are other unknown constituents in algae with antioxidative activity that might enhance the antioxidant synergism (8) . Tutour (19) proposed that some compounds such as vitamin C, phenols, amines and phospholipids from algae could regenerate vitamin E. In one of his studies, this investigator identified the effective components of Laminaria digitata and Himanthalia elongata in order to clarify the mechanism of antioxidant synergism.
The data about the antioxidant activity of plasma presented in Table 1a suggest that antioxidant compounds are present in the methanolic extract of Spirulina which are absorbed and could be used to prevent oxidation. The TBARS data obtained for liver homogenate (Table 1b ) showed a trend to lower level of these substances which, however, was not statistically different after seven weeks of Spirulina extract treatment.
